Introduction
For neurologists, treating children with medically intractable epilepsy, nonpharmacologic options include surgery, the ketogenic diet, and vagus nerve Seizure (2007) 
Summary
Purpose: In children with intractable, surgically approachable epilepsy, the ketogenic diet is often perceived as less efficacious than surgery. Methods: A retrospective chart review was performed of 554 children started on the ketogenic diet since 1994. Forty-five children were identified as surgical candidates, with at least 2 focal routine EEGs, ictal video-EEG, and corresponding focal neuroimaging findings, of whom 24 eventually had resective surgery and were followed subsequently. A comparison cohort group was also created of 45 children matched for age and seizure frequency that received the diet but were not surgical candidates (multifocal or generalized seizures). Results: Of the 24 children who received both dietary and surgical therapies, there was a higher likelihood after 6 months of both >90% seizure reduction (71% versus 17%) and seizure freedom (63% versus 0%) following surgery, both p < 0.0001. Similarly, the 45 cohort children who were not surgical candidates were more likely to be seizurefree (29% versus 13%, p = 0.041) and remained on the diet for shorter duration (10 months versus 18 months, p = 0.035) compared to the surgical group. Conclusion: Children with surgically approachable epilepsy do respond to the diet, but are more likely to be seizure-free following surgery. # 2007 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
stimulation. Over the past several decades, significant improvements in neuroimaging, surgical techniques, and anesthesia risks have led to the emergence of epilepsy surgery as perhaps the treatment of choice for refractory epilepsy, and it is encouraged earlier in the management of these patients. 1, 2 In children who are treated with resective surgery, seizure-free outcomes can be as high as 75-80%. 3, 4 Not all children are epilepsy surgery candidates, however, because of generalized or multifocal seizure discharges, high operative risks, or physician or parent concerns about language or motor outcomes postoperatively.
For over 80 years, the ketogenic diet has been used to treat children with intractable epilepsy. 5 This high-fat, adequate-protein, low-carbohydrate diet creates a ketotic state that can be maintained long-term. Although most studies have shown generally similar results for children with generalized versus partial seizures, recent evidence has suggested that children with partial epilepsy do less well. [6] [7] [8] Despite the possible lower likelihood of improvement, many young infants and children with evidence of localized seizures are referred for the ketogenic diet. Parents or neurologists may be unwilling to commit to surgical resection at a given time because of potential risks of immediate operative and long-term functional morbidity. In addition, especially in young infants, EEG and MRI information can be inconclusive or even misleading, and surgery is therefore deferred until a later age. 1 The ketogenic diet is occasionally suggested for these children with the hope of minimizing seizures and medications, although possibly as a short-term solution.
We hypothesized that the ketogenic diet would be less effective than surgery for children who are surgically approachable. To answer this question, we performed two analyses for this study; first we compared outcomes between surgery and the diet in children who received both therapies, and secondly we examined the ketogenic diet response for all children who were surgical candidates to a cohort group of children started on the diet with multifocal or generalized epilepsy.
Patients and methods
All 554 children with epilepsy who started on the traditional long-chain triglyceride ketogenic diet from July 1994 to May 2006 at our institution were studied retrospectively. 5 All charts were reviewed by an epileptologist (EK) to identify children in whom resective epilepsy surgery was a potential therapeutic option. Candidacy for surgery was defined as the presence of at least two identically focal, routine EEGs and correlating ictal video-EEG. In addition, all children had partial seizures and either structural or functional neuroimaging demonstrating a focal lesion correlating with the EEG. EEG results from other institutions were considered acceptable for inclusion. Based on these results, at least two hospital epileptologists had documented candidacy for epilepsy surgery in clinic visits prior to starting the diet. The majority of children were not operated based on parental concerns regarding surgical morbidity or mortality and the diet was subsequently started. Nine children were excluded from analysis because they had surgery before the ketogenic diet was initiated. Three of these 9 patients had a second resective surgery after the ketogenic diet failed to control their seizures. No child receiving the modified Atkins diet was included. 9 A cohort group was also created, which was comprised of 45 children with non-lesional epilepsy treated with the ketogenic diet at our institution from January 2000 to November 2003. Children were specifically matched for age at first seizure, age at diet onset, and seizure frequency per month. None of these children were surgical candidates according to the above definition, specifically in regards to both EEG and neuroimaging focality. All seizure types were allowed for this cohort group.
All children remaining on the diet were seen in clinic after 3 and 6 months. Diet duration, seizure reduction, and medication changes were documented for each patient. Categorical data were analyzed by Fisher's exact test, and numerical data (medians) were analyzed by the Wilcoxon ranksum test. The significance level for both tests was p = 0.05. The Johns Hopkins Hospital Institutional Review Board approved this study.
Results

Case demographics
Forty-five children were identified with surgically approachable epilepsy, of whom 25 (56%) eventually had resective surgery. Thirty-five (78%) children had solely partial seizures, six had additional myoclonic and absence-type seizures, and four had additional tonic seizures. Etiologies when identified included cortical dysplasia (19), stroke (9), tuberous sclerosis complex (3), Rasmussen encephalitis (2), cavernoma (1), and mesial temporal sclerosis (1). Ten patients had a normal MRI, but focal abnormalities corresponding with EEG findings on either PET or ictal SPECT imaging. There was no significant difference in baseline demographics and initial ketogenic diet ratio (fat:carbohydrate and protein) between those who underwent surgery and those who did not.
Differential outcomes for surgically approachable cases
Of the 45 children who had surgically approachable epilepsy, 25 were treated with the ketogenic diet, and then had subsequent surgical resections. One child was excluded from analysis regarding surgical outcomes because no post-surgical follow-up information was available. There was a higher likelihood of both >90% seizure reduction and seizure freedom following surgery (Table 1) . None of the 24 children were seizure-free after 6 months of ketogenic diet treatment, compared to 15 (63%) of those who underwent surgery, p < 0.0001. The median diet duration prior to surgery was 7.1 months (range, 1.5-88 months).
Comparison with a ketogenic diet cohort group
The 45 children with surgically approachable epilepsy were compared to the cohort group of 45 children who were not such candidates (Table 2) . There was a trend towards a higher percentage of both female patients and an initial 4:1 diet ratio in the cohort group, but neither reached statistical significance. As expected, the majority (89%) of the cohort group had generalized epilepsy, with the remainder having multifocal, partial seizures.
Surgical candidates responded less well when compared to the cohort group after 6 months (Table 3 ). This was most evident for likelihood of a >90% seizure reduction, but was also significant for seizure freedom. Moreover, the median diet duration was also significantly shorter for those children with surgically approachable epilepsy, 10 months versus 18 months, p = 0.035.
Six children with surgically approachable epilepsy were seizure-free after 6 months of the diet. Three patients had cortical dysplasia, two had stroke, and one had tuberous sclerosis complex. All remained on the diet after 12 months; 5 were still seizure-free and one was >90% improved. Nevertheless, now 5-10 years later, none of these children remain on the diet. Two patients are still seizure-free, for a total of 6 and 8 years each. Two children continue to have >90% seizure reduction a One patient had no follow-up data after surgery and was excluded. Table 2 Baseline characteristics of surgically approachable epilepsy patients (n = 45) and an age-matched ketogenic diet patient cohort population (n = 45)
Characteristic
Surgical group Cohort group p-Value with the use of anticonvulsant medications. Two children are having frequent seizures and are being re-evaluated for surgery.
Discussion
We hypothesized that children with surgically approachable epilepsy were less likely to respond to the ketogenic diet than children with multifocal or generalized seizures. In addition, we expected surgery to be associated with increased seizure reduction in children who received both treatments. Overall, both predictions were found to be correct, but especially in regard to either >90% seizure reduction or actual seizure freedom. This difference may reflect a preferentially good dietary response for children with non-lesional epilepsy, in contrast to a poor outcome for those with partial seizures; as 13% of surgically approachable patients became seizure-free after 6 months. This percentage of seizure freedom is similar to most reported 6-month outcomes with the ketogenic diet, regardless of seizure type or etiology. 5, 8, 10 Although the long-term rate of seizure freedom after several years was only 4% in these children (2 of 45 children), the months of seizure reduction likely improved quality of life in the short-term and theoretically may have improved the likelihood of eventual seizure freedom following surgery, based on reports of potential neuroprotective and antiepileptogenic effects of the diet. 11, 12 Considering the lower probability of additional medication trials achieving this level of response in children with intractable epilepsy, the ketogenic diet may be therefore a reasonable therapeutic option if surgery is deferred. 1 In addition, more than a third of children with surgically approachable epilepsy successfully reduced anticonvulsant medications, even during their relatively short durations on the diet.
Limitations
This study has several limitations. There is an inherent bias favoring surgery in the patients who did undergo surgical resection. One would expect the diet did not achieve either the parents' or neurologists' expectations, as it was discontinued and surgery was performed. Additionally, quality of life measures were not obtained in these children. Lastly, higher numbers of females were observed in the cohort group. In previous studies of the ketogenic diet, however, this has not been correlated with a higher likelihood of improvement.
6,10
Conclusion
In children who are candidates for epilepsy surgery, the ketogenic diet was less likely to result in a dramatic reduction in seizures than surgery. Recent evidence has shown that it is important to consider parental expectations of seizure reduction from the ketogenic diet; therefore we recommend discussing this information with them before starting the diet. 13 Even though it is certainly possible with the diet, if parents of children with surgically approachable epilepsy expect either >90% seizure reduction or seizure freedom for their child, surgery is more likely to achieve this goal, especially in the long-term. If, however, there are concerns regarding surgical risks or functional outcomes, if the child is not currently medically stable for surgery, or if additional presurgical evaluation (e.g., neuroimaging, neuropsychological testing, video-EEG monitoring) is believed to be necessary, the ketogenic diet offers a reasonable therapeutic option, especially in the short-term.
